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PURPOSE: To considerably change the frequency range 
of a delay cell and to realize multiplex range VCO by 
changing the delay cell of a ring oscillator, to add a 
current supply source to a booster inverter and to 
selectively increase/ decrease current. 
CONSTITUTION: The delay cell is basically a current 
control converter. The transmission delay of the 
respective cells changes by changing current to the 
delay cell and the frequency of ICO changes. The 
booster inverter constituted of four FET transistors 40, 
42, 44 and 46 is incorporated in a main current stub 
inverter and therefore stronger delay cell is realized. 
When the strength of the booster inverter increases, the 
frequency range of VCO shifts to the higher frequency. 
When the strength of a booster decreases, the 
frequency range of VCO shits to the lower frequency. 
Thus, the frequency range is considerably changed by 
increasing/decreasing the current of booster inverter 
current supply sources 50, 52, 54 and 56. Then, a 
multiplex range operation can be realized. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A multiplex operating-range voltage controlled oscillator characterized by including two 
or more delay eels which have a booster inverter, and a means for fluctuating current of said 
booster inverter. 

[Claim 2] An oscillator according to claim 1 characterized by said current increase and decrease 
of a means containing two or more current sources of supply. 

[Claim 3] An oscillator according to claim 2 characterized by having accomplished so that said 

two or more current sources of supply may operate alternatively [ at least one ]. 

[Claim 4] An oscillator according to claim 2 characterized by at least one of said two or more of 

the current sources of supply controlling at least one bias of said booster inverter. 

[Claim 5] An oscillator according to claim 1 characterized by including further a voltage-current 

converter which has two or more current Miller circuits. 

[Claim 6] An oscillator according to claim 5 characterized by having accomplished so that said 
current Miller circuit may operate alternatively [ at least one ]. 

[Claim 7] An oscillator according to claim 5 characterized by one current Miller circuit pair 
operating at once. 

[Claim 8] Said oscillator is amelioration of the phase locked loop circuit characterized by to 
include two or more delay eels which have (i) booster inverter, and a means for fluctuating at 
least one current of the (ii) aforementioned booster inverter including the oscillator combined 
with a filter combined with an electric-charge pump combined with a phase detector and said 
phase detector in actuation, and said electric-charge pump in actuation, and said filter in 
actuation. 

[Claim 9] An oscillator according to claim 8 characterized by said current increase and decrease 
of a means containing two or more current sources of supply. 

[Claim 10] An oscillator according to claim 9 characterized by having accomplished so that said 
two or more current sources of supply may operate alternatively [ at least one ]. 
[Claim 1 1] An oscillator according to claim 9 characterized by at least one of said the current 
sources of supply controlling at least one bias of said booster inverter. 

[Claim 12] An oscillator according to claim 8 characterized by including further a voltage-current 
control converter which has two or more current Miller circuits. 

[Claim 13] An oscillator according to claim 12 characterized by having accomplished so that said 
current Miller circuit may operate alternatively [ at least one ]. 

[Claim 14] An oscillator according to claim 12 characterized by having accomplished as operated 
only in one of said the current Miller circuits at least at once. 

[Claim 15] A method which is a method for extending operating range of a phase locked loop 
containing two or more delay eels, and is characterized by including a phase which fluctuates 
current of at least one booster inverter of said delay cel. 

[Claim 16] A method which is a method for operating a phase locked loop (PLL) circuit, and is 
characterized by including a phase where a user chooses clock frequency of said PLL, and a 
phase of adjusting clock frequency of said PLL automatically according to said user s selection. 
[Claim 17] A method according to claim 16 characterized by said user being a digital controller. 
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Japan Patent Office is not responsible for any 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] If this invention is specified more about high-speed circuit actuation, it 
relates to the method of improving the operating characteristic of a phase locked loop integrated 
circuit. 
[0002] 

[Description of the Prior Art] A high-speed serial circuit communication link becomes common 
gradually, and is increasingly used instead of a large-sized parallel connector. The speed of a 
high-speed serial circuit is not fixed with each industry standard. A serial interface chip needs 
the phase locked loop (PLL) for generally generating the clock for data transfer, and another PLL 
for data reception. 

[0003] In a high-speed PLL circuit, a high-speed voltage controlled oscillator (VCO) is used. The 
working speed of VCO determines the frequency in which a serial interface chip operates. A 
different working speed by performing dividing and multiplying of frequency is realized. However, 
when a working speed cannot be realized by dividing and multiplying of frequency, the necessity 
of including additional VCO in layout comes out. A chip can be programmed now to operate with 
a working speed which is different by choosing a suitable oscillator. 

[0004] In fact, it is [ that two kinds of working speeds are only realized, and ] using dividing and 
multiplying. If the range of VCO is very wide and another VCO is added, layout will become 
complicated and it will waste silicon surface area further. The easier solution method is using 
single VCO which can operate in another frequency range. Probably, it will also be useful to have 
the capacity for the working speed of some [ one integrated circuit chip ] to be realizable. 
[0005] It is the important mode which should also take into consideration the operating range 
(namely, the range of the output frequency considered to the input voltage of a specific range) of 
VCO in a high-speed PLL circuit design. A ring oscillator may be used as one method of carrying 
out VCO. A ring oscillator consists of cascade connection delay eels. Clock frequency is decided 
by the number of a delay eel, and the time delay of each delay cel. It is also possible to be 
pushed aside by the time delay of a delay eel in the operating range which may change with 
temperature, supply voltage, and processings and was left distantly from the desired operating 
point. 

[0006] In application of a phase locked loop, an armature-voltage control ring oscillator with the 
Staab inverter delay eel may be used at the time of CMOS integrated-circuit layout. Clock 
frequency is further accelerable if the Staab inverter delay eel and juxtaposition require with a 
booster inverter. However, a frequency range is restricted in the lower limit of a frequency range 
for a booster inverter. Compromise is born by whether a booster inverter is large how or a 
frequency range is high how, and how low a booster inverter is how much small and a frequency 
range is. In short, the frequency of an oscillator is restricted although the speed of an oscillator 
improves by addition of a booster inverter. 

[0007] When designing RF VCO, the frequency drift (from the desired operating point) resulting 
from change of processing can cause a low yield. The high yield will be obtained, if a frequency 
range is extensible so that it may overlap between fluctuation of processing. 
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[0008] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering amelioration 
of VCO. 

[0009] The further purpose of this invention is offering the multiplex operating range VCO. 
[0010] Still more nearly another purpose of this invention is offering VCO in which an operating- 
range escape is free. 
[0011] 

[Means for Solving the Problem] This invention is amelioration of VCO which has two or more 
operating range. Multirange VCO layout has capacity which operates in two or operating range 
beyond it, and can extend capacity to manufacture a high-speed serial circuit which operates at 
the rate of some. By changing a delay eel of a ring oscillator, one or more working speeds are 
realizable. By adding a current source of supply to a booster inverter, and fluctuating current 
alternatively, a frequency range of a delay eel can be sharply changed now, and Multirange VCO 
can be realized. 

[0012] Wide range VCO with high linearity is also offered by this invention. It becomes possible 
to extend a frequency range of VCO by such layout, and a circuit is added, and the linearity of a 
response can be improved. Furthermore, a response of VCO to fluctuation of processing can be 
decreased. 
[0013] 

[Example] The reference number 10 of drawing 1 has illustrated the block diagram of a typical 
phase locked loop. 18 compares the criteria phase 12 of an input with the output 14 of VC023. 
The electric charge pump 19 adjusts the loading dose of a loop filter 20. The output 22 of a loop 
filter 20 is voltage which controls the frequency of an oscillator 23. Generally VC023 is the two- 
step configuration of a voltage-current (V-I) converter and a current control oscillator (ICO). A 
VCO output frequency changes in proportion to the input voltage to a V-I converter. 
[0014] Generally an oscillator 23 contains the current control oscillator 16 which was illustrated 
to drawing 2 . ICO has odd delay eels. Each delay eel 24 is a current control converter 
fundamentally. Since there are odd delay eels, a condition always changes at the speed as which 
a delay eel is determined by the propagation delay of each cel. The propagation delay of each eel 
changes by changing the current to a delay eel, and the frequency of ICO changes. 
[0015] One detail drawing of the delay eel of drawin g 2 is illustrated to drawin g 3 . A delay eel is 
the current Staab differential inverter 24. Bias of the Staab inverter current is carried out by the 
V-I converter (not shown) by 26 and 28, and mirroring of the output of a V-I converter is carried 
out to inputs C1 and C2. When the input voltage of a V-I converter increases, the inverter 
current to which mirroring of [ in a delay eel ] was carried out increases, and the working speed 
of an oscillator is made to increase. 

[0016] If specified more, signals IN1 and IN2 will be the inputs of two inverters of the differential 
inverter 24, and signals OUT1 and OUT2 will be output signals of two inverters. N-FET and the 
P-FET transistors 30 and 32 offer the reversal signal to the output OUT1 from an input INI. 
Similarly, N-FET and the P-FET transistors 34 and 36 offer the reversal signal to the output 
OUT2 from an input IN2. The phase has reversed 180 degrees of inputs IN1 and IN2 to each. 
Similarly, as for outputs OUT1 and OUT2, 180 degrees of phases have shifted to each. Since 
control inputs C1 and C2 change the current which passes along an inverter, the propagation 
delay of a delay eel changes. Thereby, the frequency of an oscillator changes. If specified, P- 
FET26 will operate as a current source of supply, and will be adjusted in an input C1. Similarly, 
N-FET28 operates as a current source of supply, and is adjusted in an input C2. Actuation of an 
inverter accelerates by the increment in the bias current in a delay eel, therefore VCO comes to 
operate on high frequency. 

[0017] A still more powerful delay eel is realized by building a booster inverter into a principal 
current Staab inverter. In drawing 4 , the reference number 38 has illustrated this advanced 
delay cel. A booster inverter consists of four FET transistors 40, 42, 44, and 46. The transistor of 
a booster inverter makes the frequency of an oscillator increase. It is necessary to find an 
equilibrium point between the strength of the main SUTABU inverter, and a booster inverter. If 
the strength of a booster inverter increases, the frequency range of VCO will shift to high 
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frequency approach. If the strength of a booster decreases, the frequency range of VCO will be 
shifted to low frequency. Balance of frequency and linearity is realizable by setting up equipment 
proper. However, this configuration is insufficient when a larger frequency range is needed. 
Although the speed of an oscillator improves by addition of a booster inverter, it is because a 
frequency range is restricted. 

[0018] [VCO in which a range escape is free] In order to realize a still larger clock frequency 
range, as illustrated to drawin g 5 , two or more armature-voltage control current sources of 
supply are mounted, and the current to a booster inverter is restricted, this mounting — three - 
- desirable — expensive ****** can be carried out. The 1st [ the ] restricts the current by 
which the current sources of supply 50, 52, 54, and 56 pass along a booster inverter, and 
decreases power consumption. It is that the current which decreased serves as an aid which 
minimizes the effect of processing fluctuation the 2nd. That is, from the inverter in the case of 
being the worst, the inverter in best linking directly to Vdd and Vss can pass much current, and 
will affect a propagation delay. Current is kept constant by using a current source of supply. The 
constant current of a booster inverter decreases the sensitivity of the delay eel to fluctuation of 
processing. For constant current, a propagation delay does not change so much but the 
sensitivity to processing fluctuation decreases. 

[0019] VCO is [ 3rd ] controllable by low frequency. For example, when inverter equipment is set 
up so that a propagation delay may become the shortest, the delay eel current of both the main 
SUTABU inverter and a booster inverter can be made drained by the current control function of 
a booster circuit. That is, low frequency is realizable. Moreover, a short propagation delay exists 
also in high frequency operation. Thereby, VCO comes to operate in a large range or the 
extended range. 

[0020] Operation of delay eel 58 current of drawing 5 containing the equipment for [ for the 
armature-voltage control current sources of supply 50, 52, 54, and 56 ] the armature-voltage 
control current sources of supply 26 and 28 is illustrated to drawing 6 . The current source of 
supply 26 is carried out in an input C1, and bias of bias ** and the current source of supply 28 is 
carried out in an input C2. The current sources of supply 50 and 54 are carried out in an input 
C3, and bias of bias ** and the current sources of supply 52 and 56 is carried out in an input C4. 

[0021] The schematic drawing of amelioration of the current control oscillator 60 is illustrated to 
drawing 7 . Since the input it wrote by drawing 7 C1, C2, C3, and C4 [ input ] is driven, two bias 
circuits 62 and 64 are required. About control of these current mirror bias circuits 62 and 64, it 
mentions later. 

[0022] Next, it is determined whether what we do with the bias of the booster inverter current 
sources of supply 50, 52, 54, and 56 of the delay eel 58. A nonlinearity response will be obtained 
if bias of these is carried out like the main SUTABU inverter. If these are maintained uniformly, 
reduction in a frequency range will be obtained. In order to conquer these defects, an one 
apparatus line type bias method is applied. For example, the current of a booster inverter is 
uniformly held on low frequency, and a nonlinearity response in a lower limit is decreased. On the 
higher frequency in which a response is usually formed, since a booster inverter increases 
linearly, it increases a range and its linearity of a circuit improves. 

[0023] In order to realize armature-voltage control of a current control oscillator, two V-I 
converters are used and one uses another for the booster inverter current sources of supply 50, 
52, 54, and 56 to the main SUTABU inverter 24. The output of two V-I converters is connected 
to current Miller circuits 62 and 64 respectively illustrated to drawin g 7 . Current Miller circuit 62 
is controlled by inputs BH2 and BL2. The suitable V-I converter for offering BH and BL current 
mirror input of a lot is illustrated to drawing 8 . In the illustrated example, the outputs BH and BL 
for the inputs BH1 and BL1 of current Miller circuit 62 are generated. The V-I converter circuit 
(below, a booster V-I converter is called) which became a pair is used in order to generate the 
current mirror inputs BH2 and BL2 for current Miller circuit 64. 

[0024] Generally mirroring of the current bias of the circuit illustrated to drawing 8 is carried out 
from well-known typical band gap voltage criteria to ejection and inputs VBIAS1 and VBIAS2 
with the conventional technology. Input VREF is set as fixed direct current voltage, and 2.9V are 
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desirable to 2.5V and booster V-I converters to main V-I converters. Input VFILTER is loop filter 
output voltage, as the reference number 22 of drawing 1 illustrated. 

[0025] The plot of a current control response of both the main SUTABU inverter and a booster 
inverter is illustrated to drawing 9 . The curve 66 of a continuous line is a curve of a main Staab 
V-I inverter. As the reference number 68 illustrated, a booster inverter current source of supply 
is uniformly maintained on low frequency, a booster V~I converter — the conventional 
technology — - general — well-known technology — using — a booster inverter — about 2.6 — 
the size of suitable equipment is chosen and designed so that a response may be extended and 
straight-line-ized just before it is linearly turned on by V and the main SUTABU inverter carries 
out a roll-off (namely, in that the increment in frequency by the increment in current becomes 
min). 

[0026] The response of the whole VCO containing the current control oscillator which has a V-I 
converter and an extended delay eel is illustrated to drawing 10 . The range of an oscillator is 
about 285MHz (370MHz - 655MHzX As compared with the 200MHz same ring oscillator designed 
using the same technology, about 30% of increment in a range is accepted in approximation. If it 
summarizes, this response will add a current source of supply to a booster inverter, and will be 
realized by controlling by method which straight-line-izes the response obtained over a large 
frequency range. 

[0027] The further operating range is realizable by fluctuating the current of [Multirange VCO] 
booster inverter current sources of supply 50, 52, 54, and 56. That is, a frequency range can be 
sharply changed by fluctuating the current in a booster inverter, and multirange actuation can be 
realized. To drawing 1 1 , the actual delay eel circuit of this multirange VCO is illustrated. Four 
addition circuits are added to the above-mentioned delay eel of drawing 6 . The addition circuits 
80, 82, 84, and 86 are four current sources of supply required since booster inverter bias is 
changed / fluctuated. In a suitable example, it is whether inputs C3 and C4 are confirmed or to 
confirm inputs C5 and C6, and only the current source of supply of a pair is turned on at once. 
However, all current sources of supply can be made ON or OFF at coincidence, and can also 
change further the clock frequency range of a delay eel / VCO. The whole current control ring 
oscillator equipped with multirange capacity is illustrated to drawing 12 . 

[0028] In order to operate correctly the circuit illustrated to drawing 12 , current Miller circuit 66 
is still more nearly required. Additional current Miller circuit needs another output from a booster 
V-I converter. The suitable example of the booster V-I converter equipped with the current 
Miller circuit of such an addition is illustrated to drawing 13 . Although this circuit operates like 
the circuit illustrated to drawing 8 , it differs in that selection for choosing suitable current Miller 
circuit in a MODE input can be performed now. The MODE input of a booster V-I converter is 
secured so that only one current Miller circuit may be turned on at once. A MODE input is a 
digital input which a user can control freely. With any equipments which can generate a digital 
output signal, a MODE input signal can be driven, for example with a custom-made control 
circuit, a microcontroller, or the programmable equipment that has other output signals. 
[0029] As for the plot of drawing 14 , the current in a booster inverter shows how it becomes 
irregular with input voltage. ((The dashed line illustrated) As) In larger current, a response 
becomes quick. As mentioned above with reference to the output current 66 of drawing 9 , the 
linear sweep of the current which passes along the main SUTABU inverter is carried out. When a 
large frequency range is not required, the current in a nose is uniformly maintained over all 
ranges, and it is possible to make it fluctuate in another operating range. 

[0030] Drawing 15 is transmission-characteristic drawing of the multirange ring oscillator which 
used amelioration of the delay eel explained on these specifications. The input voltage to an 
output frequency is plotted. It is shown how two different operating range is realizable by 
choosing another current Miller circuit. When the current which goes via a booster inverter 
fluctuates to another value, it turns out that the large frequency shift (namely, difference of a 
dashed line and a continuous line) in a transmission characteristic takes place. The frequency 
shift by the staging area is about 100MHz. The gain of each plot is almost the same. Since 
stability of a loop may be made into a sacrifice when VCO gain changes sharply, this is an 
important point. 
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[0031] It is what should be understood that it is what reserves a right about all change and 
modification that enter within the limits of this invention as it does not mean restricting this to 
the exact structure indicated on these specifications although the suitable example of this 
invention has been illustrated and explained and being set to an attached claim. 
[0032] 

[Effect of the Invention] By changing the delay eel of a ring oscillator, VCO which has one or 
more working speeds is realizable. Moreover, by adding the current source of supply to a booster 
inverter, and fluctuating current alternatively, the frequency range of a delay eel can be sharply 
changed now, and Multirange VCO can be realized. Furthermore, it becomes possible to extend 
the frequency range of VCO, and a circuit is added, and the linearity of a response can be 
improved, and also the response of VCO to fluctuation of processing can be decreased. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the phase locked loop circuit of the conventional technology. 
[Drawing 2] It is the ring oscillator constituted using the delay cel. 
[Drawing 3] It is an actuation current Staab inverter. 

[Drawing 4] It is a delay eel containing a principal current Staab inverter and a booster inverter. 
[Drawing 5 ] It is a delay eel containing a principal current Staab inverter and a current control 
booster inverter. 

[Drawing 6] It is the schematic drawing of the circuit realized in the delay eel of drawing 5 . 

[Drawing 7] It is amelioration of ICO. 

[Drawing 8] It is a voltage-current converter circuit. 

[Drawing 9] It is the plot of the response characteristic of two voltage-current converter 
circuits. 

[Drawing 10] It is the frequency response curve of amelioration of VCO. 

[ Drawing 11] It is the delay eel for Multiranges VCO accomplished so that a booster inverter 

current source of supply might make current bias fluctuate. 

[Drawin g 12] It is the multirange ICO which uses two or more delay eels illustrated to drawing 

11- 

[Drawing 13] It is the voltage-current converter which can fluctuate current. 

[Drawing 14] It is the plot of the response characteristic of the voltage-current converter which 

can fluctuate current. 

[Drawing 1 5 ] It is as a result of [ of Multirange VCO ] a simulation. 

[Description of Notations] 

10 Phase Locked Loop Circuit 

12 Input-Reference Phase 

14 VCO Output 

1 6 ICO (Current Control Oscillator) 

19 Electric Charge Pump 

20 Loop Filter 

22 Loop Filter Output 

23 VCO (Voltage Controlled Oscillator) 

24 Delay Cel 
30 N-FET 
32 P-FET 
34 N-FET 
36 P-FET 

38 Advanced Delay Cel 
40 FET 
42 FET 
44 FET 
46 FET 

50 Current Source of Supply 
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52 Current Source of Supply 

54 Current Source of Supply 

56 Current Source of Supply 

60 Current Control Oscillator 

62 Bias Circuit 

64 Bias Circuit 

66 Current Miller Circuit 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 4] 
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[Drawing 7] 
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[ Draw in g 10 ] 
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[Drawing 1 2] 
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[Drawing 1 3] 
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